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© Method and apparatus for joining tubes. 

© A method of aseptically joining tubes in a blood 
bag system and the like. This method comprises the 
steps of juxtaposing a first and second thermoplastic 
tubes on a pair of tube holders (21 , 22), cutting with 
a cutter the tubes into cut end portions (11a, 12a) 
and main tube body portions (11b, 12b) respectively, 
rotating one of the tube holders (21, 22) so as 
aligning cut end faces of the main tube bodies (11b, 
12b) of the first and second thermoplastic tubes, and 
at the same time aligning cut end faces of the cut 
end portions (11a, 12a) of the first and second 
thermoplastic tubes, withdrawing the cutter (30) from 
the cut end faces, and bringing cut end faces into 
tight contact to each other thereby welding the cut 
surfaces of the main tube body portions (11b, 12b) 
and at the same time welding the cut surfaces of the 
cut end portions (11a, 12a) so as to avoiding the 
scattering of blood and the like. An apparatus for 
carrying out the method is also disclosed. 
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The present invention relates to a method of 
aseptically joining tubes in, for example, a blood 
bag system or a continuous ambulatory peritoneal 
dialysis system, culturing system or the like, and to 
an apparatus for working the particular method. 

In a blood bag system, the blood within a first 
bag (parent bag) is transfused into a second bag 
(child bag). Also, a treating agent within the second 
bag is transfused into the first bag. For achieving 
the transfusion satisfactorily, it is necessary to as- 
eptically join a tube from the first bag to a tube 
from the second bag. When it comes to a continu- 
ous ambulatory peritoneal dialysis system, a dia- 
lyzing solution is supplied to the abdominal cavity 
of a patient and, thus, it is necessary to aseptically 
join a transfer tube, which is connected to the 
abdominal cavity, to a bag tube connected to the 
dialyzing solution bag. 

A method of aseptically joining two tubes in the 
systems described above is disclosed in, for exam- 
ple, Published Examined Japanese Patent Applica- 
tion No. 61-30582, which corresponds to U.S. Pat- 
ent No. 4,469,779. The conventional method dis- 
closed in this prior art is schematically shown in 
Figs. 3A and 3B. As shown in Fig. 3A, a pair of 
tube holders 2a and 2b each having two grooves 1 
are arranged such that the grooves 1 of the tube 
holder 2a are aligned with the grooves 1 of the 
tube holder 2b. Under this condition, the free end 
portion of a tube 3a is inserted into the upper 
grooves 1 extending through the tube holders 2a 
and 2b. Likewise, the free end portion of a tube 3b 
is inserted into the lower grooves 1 extending 
through the tube holders 2a and 2b. As seen from 
the drawing, these tubes 3a and 3b, which are to 
be joined, extend in the opposite directions with 
respect to the free end portions and are fixed 
under this condition. Then, a cutter blade 4 is 
moved in a direction denoted by an arrow "a" so 
as to cut the tubes 3a and 3b at the junction 
between the tube holders 2a and 2b. The cutting 
surface of the cutter blade 4 is heated in advance, 
with the result that the cut surfaces of the tubes 3a 
and 3b are fused to the cutting surface of the cutter 
blade 4. It follows that the inner region of each of 
the tubes 3a and 3b is temporarily kept sealed by 
the cutting surface of the cutter blade 4. 

In the next step, one of the tube holders, e.g., 
the tube holder 2a, is moved in a direction denoted 
by an arrow "b" in Fig. 3b so as to permit body 
portions 3a' and 3b' of the tubes 3a and 3b to be 
aligned with each other at the cut portions. Under 
this condition, the cutter blade 4 is withdrawn from 
between the tube holders 2a and 2b so as to be 
brought back to the original position. At the same 
time, one of the tube holders, e.g., the tube holder 
2b, is slidden in a direction denoted by an arrow 
"c" in Fig. 3B and the body portions 3a', 3b' of the 



tubes 3a, 3b are fused together at the cut surfaces. 

The conventional method described above cer- 
tainly permits aseptically joining two tubes. How- 
ever, the cut end portions 3a", 3b" of the tubes 3a, 

5 3b, which are separated from the tube body por- 
tions 3a f and 3b* after the cutting with the cutter 
blade 4, are elastically expanded after the tube 
holder 2a is moved in the direction denoted by the 
arrow "b" as shown in Fig. 3B. As a result, the cut 

70 surfaces of these cut end portions 3a M , 3b" are 
rendered open. Naturally, the blood or transfusing 
liquid 5 remaining in, for example, the cut end 
portion 3b" flows outside through the open end of 
the cut end portion 3b" or is vigorously scattered 

75 through the open end, as shown in Fig. 3B. It 
follows that the working environment or the worker 
is likely to be contaminated with the humor such as 
urine or blood, the transfusing liquid, or the con- 
tinuous ambulatory peritoneal dialysis solution or 

20 the like coming out of the cut end portion of the 
tube. 

An object of the present invention is to provide 
a method of joining two tubes having substantially 
the same inner diameter or outer diameter while 
25 preventing the blood, transfusing liquid or in the 
tube from coming out of the cut end portions of the 
tubes to be joined. Another object is to provide an 
apparatus for working the particular method of the 
present invention. 
30 According to the present invention, there is 

provided a method of joining a first thermoplastic 
tube to a second thermoplastic tube substantially 
equal in inner diameter or outer diameter to the 
first tube, comprising the steps of: 
35 (a) cutting free end portions of the first and 
second thermoplastic tubes with a cutter blade 
having a heated cutting surface into cut end 
portions and main tube body portions respec- 
tively; 

ao (b) aligning cut end faces of the main tube 
bodies of the first and second thermoplastic 
tubes simultaneously with alignment of cut end 
faces of the cut end portions of the first and 
second thermoplastic tubes, while keeping cut 

45 faces of the first and second thermoplastic tubes 
closed by the cutter blade; and 
(c) withdrawing the cutter blade from the cut 
faces of the first and second thermoplastic 
tubes, immediately followed by bringing the cut 

so faces of the main tube bodies of the first and 
second thermoplastic tubes into mutual tight 
contact to be welded each other and simulta- 
neously bringing the cut faces of the cut end 
portions of the first and second thermoplastic 

55 tubes into mutual tight contact to be joined each 
other. 

It is desirable to set, before step (a) of the 
method given above, the free end portions of the 
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first and second thermoplastic tubes over a pair of 
tube holders, at least one of said tube holders 
being made rotatable. Also, it is desirable to rotate 
at least one of the tube holders such that a dif- 
ference of 180* is provided in the angular position 
between the two tube holders in step <b) of aligning 
the cut end faces of the tube bodies of the first and 
second thermoplastic tubes. Further, it is desirable 
to collapse, by pushing, a region in the vicinity of 
the free end portion of each of the first and second 
thermoplastic tubes so as to close the passages of 
these tubes before the cutting step (a). 

The present invention also provides an appara- 
tus for joining first and second thermoplastic tubes 
substantially equal to each other in the inner diam- 
eter or outer diameter, comprising: 

a pair of tube holders positioned adjacent to 
each other for holding those portions of the first 
and second thermoplastic tubes at which these first 
and second tubes are to be joined to each other; 

a cutter blade disposed to be movable through 
the clearance between the two tube holders for 
cutting those portions of the first and second ther- 
moplastic tubes at which these first and second 
tubes are to be joined to each other, 

heating means for heating the faces of the 
cutter blade; 

a cutter blade driving device for moving the 
cutter blade through the clearance between the two 
tube holders so as to actuate the cutter blade to 
cut the first and second thermoplastic tubes into 
cut end portions and main tube body portion re- 
spectively; 

a tube holder rotating device for rotating at 
least one of the pair of the tube holders at an angle 
of at least 90* so as to allow a cut surface of the 
main tube body portion of the first thermoplastic 
tube to be aligned with a cut surface of the main 
tube body portion of the second thermoplastic tube 
and to allow a cut surface of the cut end portion of 
the first thermoplastic tube to be aligned with a cut 
surface of the cut end portion of the second ther- 
moplastic tube; and 

a tube holder moving device for allowing the 
pair of the tube holders to be brought into mutual 
contact. 

Each of the two tube holders may consist of a 
split mold provided with grooves accepting inser- 
tion of the first and second thermoplastic tubes. 
The split mold may be of the construction that, 
when the upper mold half is combined with the 
lower mold half, the grooves formed in the split 
mold press and collapse those portions of the first 
and second thermoplastic tube at which these first 
and second tubes are to be joined to each other. 

This invention can be more fully understood 
from the following detailed description when taken 
in conjunction with the accompanying drawings, in 
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which: 

Rg. t is an oblique view showing a tube joining 
apparatus according to one embodiment of the 
present invention; 

5 Figs. 2A to 2D are plan views collectively show- 

ing a method of joining two tubes by using the 
apparatus shown in Rg. 1; and 
Figs. 3A and 3B are plan views showing a 
conventional method of joining tubes. 

w Figs. 1 and 2A to 2D collectively show a meth- 

od and apparatus for joining two tubes according to 
the technique of the present invention. Specifically, 
Fig. 1 shows a tube joining apparatus 10. As seen 
from the drawing, the tube joining apparatus 10 

;5 comprises a pair of tube holders, i.e., a rotatable 
holder 21 and a pressing holder 22, a cutter blade 
30, a heating body 40, a cutter blade driving device 
50, a tube holder rotating device 60, and a tube 
holder moving device 70. 

20 The cutter blade 30 is made of the metal such 
as copper, aluminum, or the alloy thereof. The 
heating body 40 is made of the electrical resis- 
tance type heating member such as stainless steel 
or Ni-Cr alloy, and the shape of the heating body 

25 40 is wire type or film type. 

Each of the rotatable holder 21 and the press- 
ing holder 22 consists of a split mold. In the 
drawing, the upper halves of the split molds are 
denoted by imaginary lines, with the lower mold 

30 halves being denoted by solid lines. Two parallel 
grooves 21. 21b are formed at the interface be- 
tween the upper and lower mold halves of the 
rotatable holder 21. Likewise, two parallel grooves 
22a, 22b are formed at the interface between the 

35 upper and lower moid halves of the pressing holder 
22. These grooves act as tube guiding holes 21 A, 
21 B, 22A and 22B, respectively. To be more spe- 
cific, the tube guiding hole 21 A formed in the 
rotatable holder 21 is aligned with the tube guiding 

40 hole 22A formed in the pressing holder 22. On the 
other hand, the tube guiding hole 21 B formed in 
the rotatable holder 21 is aligned with the tube 
guiding hole 22B formed in the pressing holder 22. 
It should be noted that the grooves 21a, 21b, 22a 

45 and 22b are formed shallower and wider in the 
interfacial region between the rotatable holder 21 
and the pressing holder 22. When the upper mold 
halves are combined with the lower mold halves so 
as to form the tube guiding holes, the thermoplastic 

so tubes positioned within the tube guiding holes are 
pressed and collapsed such that the mutually fac- 
ing regions of the tube are brought into mutual 
contact so as to allow the tube to be flattened. 

One end of a rotary shaft 31 is connected to 

55 the tube holder rotating device, with the other end 
being connected to the rotatable holder 21. When 
the rotatable holder 21 is rotated by 1 80 0 from the 
original position by the tube holder rotating device 
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60, the tube guiding hole of the rotatable holder 21, 
which Is originally aligned with one of the tube 
guiding holes of the pressing holder 22, is aligned 
with the other tube guiding hole of the pressing 
holder 22. To be more specific, the tube guiding 
hole 21 A of the rotatable holder 21 is aligned with 
the tube guiding hole 22B of the pressing holder 22 
after rotation of the rotatable holder by 1 80 ° . Like- 
wise, the tube guiding hole 21 B is aligned with the 
tube guiding hole 22A. 

The pressing holder 22 is movable along a 
guide mechanism 24 toward and away from the 
rotatable holder 21 . The reciprocating movement of 
the pressing holder 22 is performed by driving the 
tube holder moving device 70. 

The cutter blade 30 is preferably in the form of 
a thin disk (about 0.2 to 1.0 mm thickness) having 
cutting edges formed along the substantially cir- 
cumferential periphery. A heating body 40 consist- 
ing of an electrical resistance type heating device 
is housed in the cutter blade 30 with the adhesive 
such as epory type or acryl type, with the result 
that the cut surfaces of the tubes are heated. The 
heating body 40 is preferably arranged in a radiate 
manner with the predetermined angle and distance. 
The cutter blade 30 is connected to a moving 
mechanism 31, which is further connected to the 
cutter blade driving device 50. The cutter blade 30 
is reciprocated along the clearance between the 
rotatable holder 21 and the pressing holder 22, as 
denoted by broken lines in the drawing. 

The tube joining apparatus 10 of the construc- 
tion described above is used for joining two tubes 
having substantially the same inner or outer diam- 
eter. In joining a thermoplastic tube 11, which is 
connected to, for example, a first bag, to another 
tube 12, which is connected to a second bag, these 
tubes 11 and 12 are inserted into and fixed within 
the tube guiding holes, as shown in Fig. 2A. To be 
more specific, the tube 1 1 is inserted through a 
hole including he tube guiding hole 21 A formed in 
the rotatable holder 21 and the tube guiding hole 
22A formed in the pressing holder 22, said tube 
guiding holes 21 A and 22A communicating with 
each other, on the other hand, the tube 12 is 
inserted through a hole including the tube guiding 
holes 21 B and 22B communicating with each other. 
In this step, the joining potions of the tubes 1 1 and 
12 are pressurized by the rotatable holder 21 and 
the pressing holder 23 so as to be flattened. 

In the next step, the cutter blade 30 is inserted 
through the clearance between the rotatable holder 
21 and the pressing holder 22 by operating the 
cutter blade driving device 50 so as to cut the 
tubes 11 and 12, as shown in Fig. 2B. As a result, 
the cut end portions 11a, 12a of the tubes 11, 12 
are separated from the main tube body portions 
11b, 12b, respectively. As described previously, 



the cutting edge surfaces of the cutter blade 30 are 
heated in advance by the heating body 40. It 
follows that the cut surfaces of the cut end portions 
11a, 12a are somewhat melted, with the result that 

s the mutually facing inner walls of these cut end 
portions are temperately sealed and, at the same 
time, tightly adhered to the cutting edge potions of 
the cutter blade 30. Likewise, the cut surfaces of 
the main tube body portions 11b, 12b are some- 

w what melted, with the result that the mutually facing 
inner walls of these main tube body portions are 
temporarily sealed and, at the same time, tightly 
adhered to the cutting edge portions of the cutter 
blade 30. In this fashion, the edge portion of each 

75 tube is kept sealed temporarily. Incidentally, it is 
not absolutely necessary for the cutting edge sur- 
faces of the cutter blade 30 to act as a sealing 
member as far as the temporary sealing can be 
ensured by the bonding of the mutually facing 

20 regions of the inner surface of the tube. 

The cutting edge is heated up to the tempera- 
ture enough to melt the tube and sterilize the tube. 

In the next step, the rotatable holder 21 is 
rotated by 180°, with the cutter blade 30 held in 

25 the clearance between the rotatable holder 21 and 
the pressing holder 22 so as to keep the temporary 
sealing ensured. As a result, the main tube body 
portions 11b and 12b are aligned with each other, 
with the cut faces of these main tube body portions 

30 being positioned to face each other, as shown in 
Fig. 20. In this step, the cut end portions 11a, 12a 
of the tubes are also aligned with each other such 
that the cut faces of these cut end portions are 
positioned to face each other. 

35 After the rotation of the rotatable holder 21 , the 

cutter blade 30 is withdrawn form the clearance 
between the cut faces of the main tube body 
portions 11b, 12b and between the cut end por- 
tions 11a, 12a of the tubes, followed by imme- 

40 diately operating the tube holder driving device 70 
so as to move the pressing holder 22 toward the 
rotatable holder 21 and, thus, to push the cut face 
of the main tube body portion 12b against the cut 
face of the main tube body portion 11b, as shown 

45 in Fig. 2D. Since the cut faces of the main tube 
body portions and the cut end potions of the tubes 
11 and 12 are under molten state in this step, the 
main tube body portions 11b and 12b are welded 
to join each other. Likewise, the cut end portions 

50 11a and 12a are welded to liquid-tightly join each 
other. 

As described above, the cut surfaces of the cut 
end portions 11a, 12a of the tubes are welded to 
join each other in the step of mutually fusing the 
55 cut surfaces of the tube body portions 11b, 12b. It 
follows that it is unnecessary to worry about the 
difficulty inherent in the prior art, i.e., the problem 
that the humor such as urine or blood, the perito- 
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neal dialysis solution or the like remaining in the 
cut end portions comes outside or is scattered. 

In the embodiment described above, the 
grooves 21a, 21b, 22a, and 22b in the rotatable 
holder 21 and the pressing holder 22 are formed 
shallower and wider in the interfacial region be- 
tween the rotatable holder 21 and the pressing 
holder 22. in addition, the tubes inserted into these 
grooves are pressurized and collapsed when the 
upper mold halves of the rotatable holder and the 
pressing holder are engaged with the lower mold 
halves of these holders. In other words, the mutu- 
ally facing regions of the inner surfaces of these 
tubes are brought into mutual contact so as to 
flatten these tubes. However, the present invention 
is not restricted to this embodiment. For example, 
the grooves 21a, 21b, 22a, 22b may be circular in 
cross section such that the tubes inserted thereinto 
are substantially prevented from being collapsed. 
In this case, it is necessary to ensure a temporary 
sealing between the cut surfaces of the tubes 11, 
12 and the cutting edge surface of the cutter blade 
30 during the period ranging between the cutting 
step of the tubes 11, 12 with the cutter blade 30 
and the aligning step after rotation of the rotatable 
holder 21 by 180", i.e., the aligning step between 
the cut surfaces of the main tube body portions 
11b, 12b and between the cut surfaces of the cut 
end portions 11a, 12a. 

It should also be noted that, in the embodiment 
described above, the rotatable holder 21 alone is 
rotated by 180*. Needless to say, however, it is 
also possible to rotate both the rotatable holder 21 
and the pressing holder 22, provided that the rela- 
tive rotation of 180° is achieved between these 
holders. 

Further, in the embodiment described above, 
the pressing holder 22 alone is moved toward the 
rotatable holder 21. However, it is also possible to 
permit both the rotatable holder 21 and the press- 
ing holder 22 to be moved toward each other. 

Still further, in the embodiment described 
above, the cutter blade 30 is in the form of a thin 
disk having cutting edges formed along the outer 
circumferential region. However, it is of course pos- 
sible for the cutter blade 30 to be of any optional 
shape. 

As described above in detail, according the 
present invention, the cut surfaces of the cut end 
portions of the tubes are fused to each other during 
the step of welding the cut surfaces of the main 
tube body portions. It follows that it is unnecessary 
to worry about the difficulty inherent in the prior art, 
i.e., the difficulty that the humor such as urine or 
blood, the peritoneal dialysis solution or the like 
remaining in the cut end portions of the tubes 
comes outside or is scattered so as to stain or 
infect the working environment or the worker. 
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In the case of the peritoneal dialysis system, 
the patient can be prevented from the infections 
caused by the vacteria, virus or the like. 

5 Claims 

1. A method of joining a first thermoplastic tube 
to a second thermoplastic tube substantially 
equal in inner diameter or outer diameter to 

io the first thermoplastic tube, comprising the 

steps of: 

(a) cutting free end portions of the first and 
second thermoplastic tubes with a cutter 
blade having a heated cutting edge surfaces 

75 into cut end portions and main tube body 

portions respectively; 

(b) aligning cut end faces of the main tube 
bodies of the first and second thermoplastic 
tubes simultaneously with alignment of cut 

20 end faces of the cut end portions of the first 

and second thermoplastic tubes, while 
keeping cut faces of the first and second 
thermoplastic tubes closed by the cutter 
blade; and 

25 (c) withdrawing the cutter blade form the cut 

faces of the first and second thermoplastic 
tubes, followed by immediately bringing the 
cut faces of the main tube bodies of the first 
and second thermoplastic tubes into mutual 

30 contact to be welded each other and si- 

multaneously bringing the cut faces of the 
cut end portions of the first and second 
thermoplastic tubes into mutual tight contact 
to be joined each other. 

35 

2. The method of joining the first and second 
thermoplastic tubes according to claim 1, 
wherein, before step (a), the free end portions 
of the first and second thermoplastic tubes are 

40 positioned over a pair of tube holders, at least 

one of said tube holders being made rotatable, 
and at least one of the tube holders is rotated 
by 180* in step (b). 

45 3. The method of joining the first and second 
thermoplastic tubes according to claim 2, 
wherein only one of said pair of tube holders is 
made rotatable by 1 80 * . 

50 4. The method of joining the first and second 
thermoplastic tubes according to claim 1, 
wherein, before step (a), the free end portions 
of the first and second thermoplastic tubes are 
collapsed by pushing such that these thermo- 

55 plastic tubes are substantially flattened and 

fixed to the tube holders. 

5. The method of joining the first and second 
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thermoplastic tubes according to claim 2, 
wherein, before step (a), the free end portions 
of the first and second thermoplastic tubes are 
collapsed by pushing such that these thermo- 
plastic tubes are substantially flattened and 5 
fixed to the tube holders. 

6. The method of joining the first and second 
thermoplastic tubes according to claim 1, 
wherein, before step (a), the free end portions w 
of the fist and second thermoplastic tubes are 
sealed in advance in the tip portions. 

7. An apparatus for joining first and second ther- 
moplastic tubes substantially equal to each 75 
other in the inner diameter or outer diameter, 
comprising: 

a pair of tube holders (21, 22) positioned 
adjacent to each other for holding those por- 
tions of the first and second thermoplastic 20 
tubes at which these first and second tubes 
are to be joined to each other; 

a cutter blade (30) disposed to be movable 
through the clearance between the two tube 
holders (21, 22) for cutting those portions of 25 
the first and second thermoplastic tubes at 
which these first and second tubes are to be 
joined to each other; 

heating means (40) for heating the cutting 
faces of the cutter blade (30); 30 

a cutter blade driving device (50) for mov- 
ing the cutter blade (30) through the clearance 
between the two tube holders (21 , 22) so as to 
actuate the cutter blade (30) to cut the first and 
second thermoplastic tubes into cut end por- 35 
tions and main tube body portion respectively; 

a tube holder rotating device (60) for rotat- 
ing at least one of the pair of the tube holders 
at an angle of at least 90 0 so as to allow a cut 
surface of the main tube body portion of the ao 
first thermoplastic tube to be aligned with a cut 
surface of the main tube body portion of the 
second thermoplastic tube and to allow a cut 
surface of the cut end portion of the first ther- 
moplastic tube to be aligned with a cut surface 45 
of the cut end portion of the second thermo- 
plastic tube; and 

a tube holder moving device (70) for allow- 
ing the pair of the tube holders to be brought 
into mutual contact. 50 



first and second thermoplastic tubes at which 
these tubes are to be joined are collapsed by 
the groove (21a, 21b, 22a, 22b) when the up- 
per and lower mold halves are combined to 
form said split mold. 

9. The apparatus for joining first and second ther- 
moplastic tubes according to claim 7, wherein 
said tube holder rotating device (60) permits 
rotating only one of said pair of tube holders 
by 180'. 

10. The apparatus for joining first and second ther- 
moplastic tubes according to claim 7, wherein 
said tube holder moving device (70) permits 
moving only one of said pair of tube holders. 

11. The apparatus for joining first and second ther- 
moplastic tubes according to claim 7, wherein 
said heating means is in the form of a thin 
disk. 



8. The apparatus for joining first and second ther- 
moplastic tubes according to claim 7, wherein 
each of said pair of tube holders (21, 22) is 
formed of a split mold provided with grooves 
into which said first and second thermoplastic 
tubes can be inserted, each of said grooves 
being shaped such that those portions of the 
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